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YCTPOHCTBO flJW BMTHTHBAHHfl MOHOKPHCTAJIJIOB 

IIpeffnoaaraeMoe H3o6pexeHHe othochtch k o6»acxH MerrajuiyprHH noJiynpoBOAHHKOB 
h Moacer Ghtb HcnontsoBano n P H BbipamHBaHHH MOHOKpncxajuioB KpeMHiw, repMaroia h 
coeflHHeHHB rpynnw A ffl B v MeroaoM Hoxpajibcicoro. 

H3BecTHH ycrpoMcxBa am BbipamHBaHH* MOHOKpHCxajmoB, coAepacanme 
ycraHOBJieHHHH b noAcraaKe THrem, pfl* pacmiaaa, BOKpyr Koroporo paaMewea Harpeaaxenb 
c TOKonoflBOflaMH h cncxeMa TeiuiOHSOJiHUHH, npHHeM noAcxaBKa, HarpeBaxem. h cncxeMa 
xenjioHSOJumHH BBjnojmeHbi H3 yrnepoAHHX MaxepnaaoB [1; 2 ]. 

IIpH BblTJirHBaHHH MOHOKpHCXaJMOB C HCnOJlbSOBaHHeM 3XHX yCXpOHCXB n P HMeH5UOT 

HarpeBaxejib c BeprHKanbHUMH npopeaaMH. TaKofi HarpeBaxeab HMeex 6oabinyio Maccy, hto 
yBe^HHHBaer xenjiOBbie noxepn h npnaoAHX k cymecraeHHOH HHepnnoHHOOXH no 
OTHonieHHio k narpeay h ox TO e H HK>, a *xo b cbok> onepe^ yxywnaer ynpaajieHne 
npoueccoM. Heumnne meaeil h HepaanoMepHoe nportacaHHe xoxa no paanHHHHM ynacxKaM 
HaipeaaxeJiH npnBOAHX k BOSHHKHOBerono napyiiieHHH chmmctpiwhocth xoiuiobofo nona, 
co3AaBae M oro narpeaaxejieM, h k yxyAHiemno no 3xo» npHHHHe Kanecxaa noaynaeMbix 
MOHOKpncxaiiJioB . HenocpeacraeHHoe B3aHMOAOHCXBHe napoa SiO H3 axMOC$ep U KBMepbi 
BbipainMBaHHH c naiperHMH yrnepoAcoAepaeainHMH jpnimai xennoBoro y 3 iia npHBOAHX k 
3arpH3HeHHK> pacxymero KpHcnuuia yrnepoAOM, hxo xaioKe yxyAinaex ero KaiecxBO. 

HanCojiee 6jih3Khm k saaaaaeMOMy ycxpoficxay asaaexca ycxpoflcxBO «Jia 
BbixarHBaHHH MOHOKpncxaaaoB, coAepacamee xnreab c noAcraBKOH, HarpeBaxeab h sxpaH, 
HMewmHH ocHoay H3 npeccoBaHHoro rpafcnxa, Bepxnaa aacxb Koxopoii noKpbixa caoeM 
nnpoyrJiepoAa [3]. Tanofi sicpan o6ecneHHBaer cxa6HJibHOCXb noAAepacaHna xeMnepaxypbi 
BHyxpH xnraa (npenaxcrayer naAemuo xeMnepaxypbi). OAHaKO, 3Aecb xaxace ncnoabsyexca 
oSbiHHbiH Harpeaaxenb c npopesaMH, hmciowhh yicasaHHbie Bbiine H eA0cxaxKH. 

TexHHHecKHM pesynbxaxoM npeAnonaraeMoro H3o6pexeHH* aeaaexca sHaHHxenbHoe 
CHHHceHHe Maccbi Harpeaaxeaa, hxo nosBoaaex cymecr B eHHO yMeHbrnnxb pacxoA 
saeicrposHeprHH. KpoMe xoro, oeecnenHBaerca cHHaceHHe HHepunoHHOcxH Harpeaaxeaa, hxo 
oeaernaex ynpaaaeHHe npoueccoM. 3a cnex nosbiuieHHa cHMMexpniHOcxH xenaoaoro noaa, 
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co3AaBaeMoro HarpeBaTCJieM, Ha6jnoflaerc5J noBbimeHHe CTpyicrypHoro coBepmeHCTBa 

BHTflrHBaeMWX MOHOKpHCTaJIJIOB. npH 3TOM BbipameHHBie MOHOKpHCXaJUlH HMeiOT 

noHH3KeHHoe coaepacaHHe yrnepofla (Ha ypoBHe jt/hiuhx aHanoroB). 

YKasaHHHfi TexHHHecKHH pesyjibTax o6ecneHHBaercs tcm, hto b H3BecrHOM 
ycrpoHCTBe ajw BbipainHBaHHfl MOHOKpHcranJiOB, coflepacameM rarejib c noAcraBKOH, 
HarpesaTejib h, no MeHbinen Mepe, o«hh TeiuioHSOJiHpyiomHH sKpaH, coraacHO 
H3o6pereHHio, HarpeBaTejib BbinojraeH H3 raSieoro yrjiepoACOAepacainero MaTepHJUia b BHAe 
uiMHHApa, Topmj KOToporo saKpenjieHH MeacAy KoaKcnajibHO pacnojioaceHHbiMH acecmcHMH 
KOflbuaMH H3 yniepoflHoro MaTepnajia* noAcoeAHHeHHHMH k HcroHHHKy -roiea, npnneM Ha 
noBepxHocra HarpeBaTeJia c BHyipeHHeii cropoHbi pacnojioxceH cjioh ronpHfla KpeMHiw. 

HarpeBa-rejib momcct 6 bin, BbinojiHeH c tojihhihoh creHKH, onpeAeJiaeMoii m 
cooTHomeHiia: 

8-p-c = 500-8500 flac/M 2 .K, rfle: 
8 - TOJimHHa ctchkh HarpeBaxejia, m; 

p - nJioTHOcrb MarepHana, H3 Koroporo H3n>TOBJieH HarpeBarejib, kt/m*; 

c - yflejibHaa TemioeMKOcrb MarepHana, H3 Koroporo HsroTOBJieH HarpeuaTejib (npa pa6oieH 

TeivinepaType),Jl>K/Kr.K. 

Kojibua H3 yrjiepoAHoro Marepnajia MOiyr 6biTb noACoeAHHeHbi k HcroHHHKy Toica 

iepe3 TenjioH30JiHpyiomHe 3KpaHbi. 

Ha noBepxHOCTH HarpeBaxeJW c BHemHefi CTopoHbi mtokct 6biTb pacnoJioaceH cjioh 

HHTpHfla KpeMHH5T. 

KpoMe Toro, rarejib hjih noACTaBica Moryr 6brrb BbincwiHeHbi H3 HmpHfla KpeMHHH. 

Tnrejib h noAcraBKa ycrpoficrBa Moryr 6biTb BbinojmeHbi H3 HHTpHfla KpeMHHa h 
npeacraBJunoT coSofi oaho uejioe. 

Th6khh yrJiepoACOAepacaiAHH MarepHan HarpeBaxejia MoaceT 6biTb AonojirorrejibHO 
ynjioTHeH nnpoyrjiepoAOM h/hjih icapGHAOM KpeMHHH. 

YcrpoHCTBO MoaceT AonojiHHTejibHO coAepacaTb TenJi0H3OJi*Top H3 TKaHH h/hjih 

BOHJIOKa, H3rOTOBJieHHbiX H3 KpeMHe3eMHOrO HJIH KBapUeBOrO BOJIOKHa. 

CymHOCTb npeAJiaraeMoro TexHHHecicoro peuieHHfl 3aKJiK>Haercfl b tom, hto 
HarpeBaTeJib H3 rnGKoro yrjiepoAcoAepacamero MaTepnaJia npeAcraBJifler co6oh cnjiouiHOH 



(6e3 meneii) xoHicocxeHHbiH himhhap, a xoabua H3 yraepOAHoro Maxepnaaa aeecxico 
yAepacHBaiox ero $opMy h npenaxcxByiox o6pa30BaHHio ckjib^ok Ha sxom MarepHane. Macca 
TaKoro HarpeBarejw Ha nopw« MeHbine, neM b HSBecxHbix aHanorax, 6naroAapa HeMy 
cymecrBeHHO cmraaexca pacxoA aaeicrposHeprHH, nocKonbicy HarpeBy ao MaKCHManbHwx 
TeMneparyp noABepraexca 3HawenbHO MeHbinaa Macca HarpeBaxeaa h b HeM oTcyTCTByioT 
mean. HarpeBaxeab HMeex MeHbinyio hhcpuhohhoctb npn Harpese h oxaaaeAeHHH. 
EaaroAapa sxoMy yjiynmaeTca ynpaBJieHHe npoueccoM. KpoMe Toro, H3-3a oxcyxcxBHa 
meaeH b HarpeBarejie yjiynmaexca chm m erpHHHOCTb co3flaBaeMoro hm TeruioBoro nona. 
3HawrenbHO cmraaexca sarpaaHeHHe KpHcrajuia yrnepoAOM b npouecce ero BbipaiHHBaHHa 
3 a chct HanHHHH cnoa H3 HHeprHoro Maxepnana - mixpHAa KpeMmw, HSonHpyioinero 
BHyrp eHHioio noBepxHoexb Harpesaxeaa H3 yraepoACOAepacainero Maxepnaaa or 
BsaHMOAeftcTBiw c axMOC$epoft KaMepw BbipaiUHBaHHa, coAepacameti napu SiO. 3xox cjioh 
TaioKe npenaxcrayex pa3pymeHHK) HarpeBarejw h yBeaHHHBaex cpoK ero cjry»e6bi. 
3amnTHHH cjioh H3 HHTpHAa KpeMmw Moacex 6brrb HaHeceH HenocpeACTBeHHO Ha 
BHyrpeHHKMO noBepxHOCTb HarpeBaTeJW. Taicace bo 3 mo>kho HsroroBJieHHe xomcocxeHHoro 
HHjiHHApa H3 HHTpHAa KpeMHHn, KOTopbitt noMemaiox b HarpeBaTenb BnjioTHyio k ero 

BHyTpeHHeii noBepxHocrn. 

HHepimoHHOCTb HarpeBaxeaa xapaicrepHsyexca BejiHHHHofi Spc, roe: 8 - TonmHHa 
creHKH HarpeBarejw, m; p- ruioTHOcrb Maxepnaaa, H3 Koxoporo nsroroBJieH 
HarpeBarejib, kt/m 3 ; c - yAeabHaa TenjioeMKOcrb Maxepnaaa, hs Koxoporo HsroroBjieH 
HarpesaTejib (npn P a6oHeH xeMnepaxype), fl»c/Kr.K. OnrHMajibHbie ycjiosiw 
xapaicrepHsyioxca cooxHomeHHeM 8pc = 500-8500 £>k/m 2 .K, Koropoe nojiyneHO, hcxoa* hs 

cjieAyiomHX coo6paaceHHfi: 

IlpH nporeKaHHH aaeKxpHiecicoro TOKa Ha HarpeBaTejie BHAeaaexca xenaoBaa 
MomHOCTb, paBHaa P = q F , rAe: P - TenaoBaa MOiUHOCXb, Bt; F ^ naomaAb 
HarpeBaTeaH (xoHHee Toro ero ynacnca, Ha xaropoM BHAeaaerca ocHOBHoe KoaniecTBO 
SHeprHH), m 2 ; q - cyMMapHaa naorHOCTb TenaoBoro noxoica, cocToawero H3 AByx lacxefi: 
xenaa, BbiAeaaeMoro b pe3yabTaTe npoTeKaHHa saeKxpniecicoro TOKa, h Tenaa, 
pacceHBaeMoro b pe3yabTare Tenaoo6MeHa c oKpyacaiomeH cpeAoii, Bt/m 2 . 

3a BpeMa dx b HarpeBareae aKKyMyaHpyexca KoaniecxBO xennoxbi, paBHoe 
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dQ = P-dx, r fl e dx - HHxepBaJi BpeMemi, c; dQ - H3Me H eHHe aKKyMyjiHpoBaHHoro 

HarpeBaTejieM TenJia, #)K. 

H3BecTHO H3 [4], ™> dQ=™c dT , rse: m - Maeca Harpeaareaa, Kr; c -yaeaaHaa 

TenaoeMKOcrb MarepHana Haipeaa^a, A*/ktK ; dT - H^paaa HsMeHe™.* «»«P^ 
HarpeBarejiH, K. 

TaKHM o6pa30M, mo^cho 3anHcan>: 3 
P .dx = m-cdT H*Hdx = m. c dT/F.q ,ho m- p.V, r«e V -o5„eM Harare**, m . 
riocKO J H,KyV = F-8,xo dx = 5 p c dT/q hhh x= 8 . p- c . x.PdT/q , 
r A e x - BpeMH, sa Koxopoe xeMneparypa HarpeBaxena H3MeHHexca ox T, AO T 2 np H 
cyMMapHOH hjioxhocxh xennoBoro noxoica, paBHOH q. 

BenHHHHa 8 • p- c sKBHBaneHXHa BejiHHHHe m • c / F. 

CpaBHeHHe hhcpuhohhocxh pa3JiHHHwx HarpeaaxeneH n P OH3BOAHXc* no 

3HaHeHHK) X. 

n P H oAHHaKOBOft paanocxH xeMneparyp h oAHHaKOBBix nnoxnocxnx noxo K a xenna, 
x e OAHHaKOBBix SHaneHH.x HHxeipana, apeM* onpeAenaexc* sHanenneM npoH3BeAeHH* 8 • p- 
c (hjih m • c / F). HeM MeHtme x, xeM MeHee HHepnHOHHHM aBnaexca HarpeBaxem,. 
CooxHomeHHe 8 • p- c (hhh m • c / F) CBS3HBaex xenno^ecKHe CBOHCxaa MaxepHana, H3 
Koxoporo H3roxoBJieH HarpeBaxeJis, h ero pasMepw. 

Earn BenHHHHa npoH3BeAeHHn «hb, cxeHKH Harpeaaxenn na yAenBHy* 
xennoeMKoexB h nnoxHOcm, Maxepnana, H3 Koxoporo oh H3roxoBJieH, 6yAex MeHBine 
500 fl*c/ m 2 . K, xo cpox cny>K6 W Harpeaaxena 6yAex H eAOCxaxoHHB,M h cocxaBHX npHMepHO 
mm, npoueccoB, hxo HeAonycxHMO npn pa6oxe b npoMfciuweHHBix ycnoannx. 

Bonn BenHHHHa npoH3BeAeHHJi 8 • p- c 6yAex 6on t uie 8500 JW m 2 . K, xo pacxoA 
rH6Koro ymepoACOAep^amen) MaxepHana HeonpaBAaHHO B03pacxex, a c P ok cny>K6« 
Harpeaaxenn yBenHHHBaxbcn «e 6yAex. HHepunoHHOcrn, Harpeaaxena b 3Xom cnynae xaioKe 
6yAex H3JiHuiHe bbjcokoh. KpoMe xoro, 3AecB B03HHKaiox cnoacnocxH, cBa 3 aHHBie c 
cornacoaaHHeM ciiHUiKOM Manoro 9 neKxpHHecKo ro conpoxnaneHHa Harpeaaxena (narpyaKH) 

C HCTOHHHKOM CHJIOBOTO IIHTaHHH. 

B npeAJioaceHHOM ycxpoHcxae xonBua H3 yrnepoAHoro Maxepnana Harpeaaxena 
coeAHHensi c hcxohhhkom xoKa, n«6o HenocpeAcxBeHHO (Hepe 3 xokohoaboah), Hepe3 



5 



TCIIJIOH30JlHpyK>mHe 3KpaHU. 

B nocneaHeM cJiynae sxpaH oAHOBpeMeHHO c xenjioHSOJiHpyKMuefi (fryHKUHeii, 
BBinomiHer xaicace pojit xoKonoflBOfla, hxo nosBonaex 6onee cHMMerpmHO noflBecxH 
ajieicrpiwecKHH tok k HarpeBaxenio h ynymroixb xexHOJiorHHHOcxt ycxpoiiCXBa. 

noKpwTHe BHeuiHefi noBepxHOCTH HarpeBaxejw hhxphaom KpeMHHH, a TaiOKe 
HaroroBJieHHe noflcxaBKH h xhtjw hs HHxpHfla KpeMHHH yBejiHiHBaex c P ok cjiyacGu 
cooTBercTByiomHX KoncxpyierHBHHX 3JieMeHTOB, axanaee nosBOJiaex ycxpaHHXB sarpasneHHe 
paciuiaBa h pacxymero xpHcxajuia axoMaMH yrnepoaa, nocxynatoumMH c hx noBepxHOcren 
H3-3a xHMHHecKoro B3anMOfleHCTBHH c napaMH SiO. 

flonojiHHrejibHoe ynJioTHeime HarpeBaxejia pasjiHHHHMH MaxepnajiaMH yBejmnHBaex 
cpoK ero cjyxSu. npoHCxcwrr sa cnex xoro, <rro npn yroioxHeHHH nnpoyrjiepoflOM 
yMeHbinaexca npouecc xepMOXHMHHecicoH ko PP o3hh noBepxHOCTH. Kap6H« KpeMHHH, 
co3flaBafl npoMeaeyxoHHbiH cjioh, yjiynuiaex aaresmo naHOCHMoro caoa HHxpHfla KpeMHHa h 
yMenbiuaex paspyineHHe sxoro cjioh, BbisbiBaeMoe pasjnwHeM K03<i><i>HUHeHXOB 
xepMHHecKoro conpoxHBJieHH* nnxpHfla KpeMHRH h yrjiepoflcoAepTKamero Maxepnajia 
HarpeBaxejia. npH sxom Maxepnaji HarpeBaxejw cxaHOBHXca 6ojiee acecxKHM. 

TKaHb h bohjiok, HsroroBJieHHbie hs xpeMHeaeMHoro hjih KBapueBoro BOJioKHa, npn 
hx pasMemeHHH Ha narpeBaxejie h/hjih sicpanax, cosflawx AonoJiHHxejibnyio xeiuioByio 

H30JWUHK). 

B xoace BpeMfl ohh He 3arpa3HHK)x pacxymHH KpHcxann ymepoAOM. TxaHb pasMemaexca 
xaKHM o6pa30M, ixo6bi coceAHHe cjioh He npHJieraJiH HenocpeACXBeHHO apyr k apyry, h 
Meacfly hhmh cymecxBOBan npoMeacyxox ox 2 fl o 5 mm, xax KaK sxo yBejiHHHBaex 
xenjioHSOJiaHHOHHbie CBoficxBa sxpaHHpoBKH n P H BbicoKHX xeMnepaxypax. TicaHb h/hjih 
bohjiok nocjie hx pasMemeHHa xaioKe Moryx 6brrb ynjioxHeHbi, HanpHMep, hhxphaom 

KpeMHHH. 

n P H H3roxoBJieHHH 3Kpa H a b KanecxBe rH6icoro yrjiepoACOAepacamero MaxepHaJia 
mojkho HcnoJibSOBaxb pasJiHHHtie MaxepnaJibi, cosflaHHwe Ha 6ase yrnepoAa: yrjiepoAHyio 
xKBHb xnna «y P an», ymepoAHoe bojiokho, ynjioxHeHHbie pasjiHHHbiMH BeinecxBaMH 
(HanpHMep, nnpoyrjiepoflOM, K ap6HA0M KpeMHHH h t.aO, xepMopacumpeHHbiH npoxaxaHHbiH 
rpa$HX Hx.n. 
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H 3 ypoBH* xexHHKH n3BecxHO HcnoJiwoBaHHe yriiepoflHofi xkbhh h yraepoAHoro 

BOKOKHB, B TOM HHCJie ynJIOXHeHHHX HHpoyniepOAOM, B CHCXgMBX 3KpaHHpOBBHHB yCTBHOBOK 

flflsi BU pamHBaHHH MOHOKpHcranJiOB. B npeflnaraeMOM H3o6pereHHH ™6w* 
yrnepoACOAepHcamHH MaxepHBJi HcnonBsyercH «e 3KpaHHpoBaHHB, a wu. HsroroBOT 
H3 Hero Ha^eBareM, a hmchho, b ^ecrae 3 ,eKipHHecKoro conpoxHBJieHHH Harpy3KH b 
aaMKHyrofl BBeKxpmecKofi cexn, Ha koto P om nponcxoAHX BH fle« 3Hepr«H BcaeACXBHe 
npoxeKBHHfl nepeB Hero 3»eKxpHHecKoro xokb. B cbhbh c *xhm pemaKm* npoSaeM*, 
cBfl3aHHbie c P a6oxoH HarpeBaxeaH, HanpHMep, CHHMceHHe mbccbi h pacxoAB BaeKxpoBHeprHH, 
cHHKeHHe HHepuHOHHoexH HarpeaaxenB h y^menne ynpaBneHH* HarpeaoM-oxaaMCAeHHeM. 

CyinHoexb H3o6peTeHH* noacHaexcfl HspxencaMH. 

Ha *Hrype 1 HsoSpaaceH npoflOJibHbiH paspes ycxpoilcxBa. 

B KaMepe 1 ycraHOBicH a** BbipaiuHBaHHH mohokphcxbjuiob P a3MemeHbi xHrenb 2 b 
noAcraBKe 3, HaxoAameuca «a urroKe 4, noAeoeAHHeHHOM k cncxeMe apameHH* h hoa^mb 
( H e noKasaHBi hb *Hrype). THrejib 2 OKpyacen HarpeBaxeneM b BHAe UHJiHHApa 5, 
BunojiHeHHoro H3 rH6Koro yraepoAcoAep^ero Maxepnaaa. HarpeBaxeab 5 HBroxoaaeH, 
HanpHMep, nyxeM hbmoxkh hb onpaBKy yraepoAHOH xkbhh c nocaeAyioinHM cmnaaHHeM 
mB a, an6o BBBBHHeM • hb yraepoAHoro *>aoKHa, an6o caepxbiBBHHeM «a onpaany 
xepMopaeuiHpeHHoro rpa^nxa h x.n. BHyxpeHH** noaepxHocxb HarpeBaxoaa nostra caoeM 

HHXPHAB KpeMHHB. To P UU UHJiHHApa 3BKpenaeHbI Me W KOaKCHaJIbHO pacnOJIOJKeHHHMH 

KOJibuaMH H3 yraepoAHoro Maxepnaaa 6,7,8 h 9. Xlpn sxom Koabna npHAanxr 
yrnepoACOAep^ameMy Maxepnaay HeoSxoAHMyio cfropMy, yAepacHaaa ero b pacxanyroM 
noJKMKeHHH h npenaxcxaya 06pB30BaHHK> ckjibaok, a xaKace cayrcax A** no^mi* 
3*eKrpHHecKoro xokb k Harpeeaxe^o. HarpeBaxeab oKpyacen xenaoH3oaHpyKHUHMH 

3KPBHBMH: 60KOBUM 10 H AOHHbIM 3KpBHOM 11. 3KpBHbl 10 H 11, HOACXBBKB 3 H HIXOK 4 

„3roxoBae„bi H3 ymepoAHoro MaxepHaaa, HanpHMep, rpa^Hxa, hb o6pa6axHBaK>mHX 

CXBHKBX H nOKpHXW CJlOeM HHXpHAB KpeMHHB. KoabHB 6 H 9 HOACOeAHHeHbl K 

xoKonoABOAy 12, Koabua 7 h 8 - k xoxonoABOAy 13, nepeB Koxopbie BaeKxpoBHeprna 
noAaexcH hb HarpeBaxeab 5. K bxhm xokohoaboabm noAcoeAHHenu cnaoabie K a6eaH 

rtHXBHHB yCXBHOBKH OX HCXOHHHKB XOKB 14. Ha 60KOBOM UHaHHAPHHeCKOM 3KpBHe 10 H 

Aohhom ropH30HxaiibHOM 3Kpa H e 11, pacnoaoaceHa xenaoaaa Hsoaauna 15 hb xkbhh h 



bohjioks, H3roroBJieHHHX H3 KpeMHeaeMHoro Him KBapueBoro BOJiOKHa. Tnreab 2 coAepacnx 
pacnjiaB 16, H3 KOToporo BwraraBaroT MOHOKpHcraJUi 17. 

Ha *Hiype 2 npeAcxaBJieH npoAOJibHbitt paspes ycxpoiicxBa, b koxo P om 
3neKrpo3Hepn«. noAaexca «a HarpeaaxeKb Hepe3 sicpaHbi 10 h 11, Bunomunonme 

OAHOBpeMeHHO *yHKUHK> TOKOIIOflBOAOB. 3KpaHbI 10 H 11 npH 3XOM SiieKrpHMeCKH 

H30JiHpoBaHbi ox KaMepw BbipaiUHBaHHH 1. 

B KaMepe 1 paaMemen xnrejib 2 b noACxaBKe 3, HaxoAHineHCH Ha urroKe 4, 
noflcoeAHHeHHOM k cncxeMe BpaineHH* h noA^Ma ( H e noKaaanbi Ha (Jmrype). THreab 2 
oKpyacen HarpeaareaeM b BH A e unnHHApa 5, BbinonneHHoro h 3 rnGKoro 
yrnepoACOAep^amero MaxepHana. Topubi UHMpa 3aK P en J ieHbi Me W KoaKcna^HO 
pacnojioMceHHMMH yrnepoAHbiMH KOJifcuaMH 6,7,8 h 9. KoiH.ua 7 h 8 KpenHxea k 6oKOBOMy 
UHnHHAPHHecKOMy aKpany 10, a Koabua 6 h 9 - k AOHHOMy xopueaoMy 
3 K paHy 1 1 . 3Kpa HU 10 h 1 1 Kpenaxca cooxBercxBeHHO k TOKonoABO A aM 12 h 13, k KoxopbiM 
b cboio onepeAb noAcoeAHHenbi CHJioBbie Kaoe.™ nHxaHHH ycxaHOBKH ox HcxoHHHica xoica 14. 

3KpaHbi 10 h 11, noASKiBKa 3 h hixok 4 BunoJiHeHM H3 yrnepoAHoro MaxepHaiia, 
H an P H M ep, H3 rpa^Hxa u. rpa^xoaoii k P oihkh, CMemaHHoft c 6aiceJiHXOBHM aaKOM h 
oxo^hhbim np H xeMnepaxype 300°C, a aaxeM noKpbrm cnoeM HHXpHAa KpeMHH* [5]. 
Ha 60KOBOM 3K paHe 10 h xopueaoM ropnaoHxanbHOM axpaHe 11 pacnoaoaceHa xeroioaaa 
monwv* 15 H3 xKaHH h Bofiaoica, mroxoajieHHbix H3 KpeMHe3eMHoro hjih KBapueBoro 
Bo^KHa. Tnreab 2 co A ep>KH T pacnaaa 16, H3 Koxoporo bbjth rHB aiox MOHOKpHcreuia 17. 
B A3HHOM ci^ae, BMecxo noKpbrraa BHyxpeHHeH noBepxHOCTH Harpeaaxe^ 5 caoeM 

HHXpHAa KpeMHHa, OH COAe P >KHX XOHKOCXeHHBIH uhjihhap 18 c 6ypxHKO M 19 H3 HHXpHAa 

KpeMHHa, Koxopbift pacnoaorcen Bnaoxnyio k BHyxpeHHHM cxeHKaM HarpeBaxeaa. 

Ha <pHiype 3 npeAcxaBnen aapHaHX ycxpoBcxBa, b koxo P om xoawco Sokoboh 3K P aH 
10 Hrpaex ponb xoKonoABOAa, a hoaboa TOKa Hepe 3 aohhbih 3KpaH.ll «e nponaaoAHxea. 

flOHHHH 3KpaH 11 H3rOTOBJieH H3 HHXpHAa KpeMHHH, B BHA6 H3UIH H HBXOAHXCH HHMCe 

Harpeaaxena, Ha A«e KaMepti 1, npeAOXBpamaa BsaHMOAeftcxBHe pacnnaBa KpeMHH* co 
creHKOH KaMepw 1 npn aaapnHHOM ero npojiHBe. HnacHaa napa rpa^HXOBbix Koaeu 6 h 9 
coeAHHenbi nenocpeACXBeHHO c xokohoaboaom 12, a Bepxnaa napa KOJieu. 7 h 8 Kpennxca k 
GoKOBOMy SKpany 10, Koxopsiii coeAHHen b cbokj onepeAb c xokohoaboaom 13. Tnrejib 2 h 
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noncraBKa 3 BbinoaHeHbi hs HHxpHfla KpeMHHa h npeACxaBJiaiox co6o» oaho ueaoe. 
BHyrpeHmw noBepxHoexb HarpeBaxeaa 5 noKpbixa cnoeM HHxpHAa KpeMHHa. 

Ha $Hiype 4 npeAcxaBJieH BapnaHX ycxpoiicxBa, H3o6paJKeHHoro Ha $Hrype 3, 
b KaropoM flonojiHHTejifcHO ycraHOBJieHa cncxeMa BepxHHX aKpaHOB, cocxoamaa hs 
UHJiHiwpHMecKoro 3KpaHa 20 h njiocKoro ropnsoHxaabHoro 3K P a H a 21. 3xa sKpaHHpoBKa 
nosBoaaex chhshxb xenaoBbie norepn. KpoMe xoro, ycxaHOBJieH TaioKe unaHHApHHecKHH 
3KpaH 22, Koxopuii AonojimrrejibHO SKpaHHpyer pacxymHH MOHOKpncxaaa or HarpeBaxeaa, 
hto nosBoaaex nonyHHTb b H eM SojibinHi* rpaAHeHx xeMnepaxypbi h yBeaiMHXb CKopocxb 
BbipamHBaHHfl. 3K P aH 22 raioKe yjiyninaer (fccaeycHpoBKy noxoica aproHa. CHcreMa 
AonojiHHTejibHbix sepxHHX SKpaHOB MOJKer 6biTb HsroxoBaeHa hs HHxpHAa KpeMHHa hjih hs 
yrnepoflHoro Maxepnaaa, HanpHMep, rpa$Hxa, KOMno3HTa yraepoA-yniepoA. 
Pa6oTa ycTpoficxBa noaciwexca cjieflyiomHMH npHMepaMH. 
IIpHMep 1 

n P H BbipamHBaHHH MOHOKpHcxaaaa KpeMHHa AHaMexpoM 150 mm, jierapoBaHHoro 
6opoM, H3 nojiHKpHcrrajiJiHqecKoro KpeMHHa c coaepaeaHHeM yraepoAa 3xl0 15 cm" 3 
npHMeHflioT ycrpoHCTBO, npeACxaBaeHHoe Ha (frnrype 1. Hcnoabsyiox KBapueBbiH xnreab c 
BHeiiiHHM AHaMexpoM 356 mm, n P H sarpysKe 30 kt. Harpesaxeab 5 HsroxaBaHBaexca nyreM 
BflsaHHa hs yrnepoAHoro BOJioKHa uiuiHHApa c xojhhhhoh ctchkh 0,6 mm (0,0006 m) c 
HcnoJibaoBaHHeM rpa^HTOBoii onpaBKH. 3axe M xopubi unaHHApa oxrHSaiox b 
ropHSOHTanbHyio naocKoexb h aaacHMaiox KOHxaKXHbiMH KoabuaMH 6,7,8,9. Ha BHyxpeHHKJio 
noBepxHocxb HHflHHApa HarpeBaTejw 5 (nocjie yAaaeHHa onpaBKH) HaHOcar tohkhh caoft 
HHTpHAa KpeMHHa. OnepaHHK) HaHeceHHa sxoro caoa ocymecxBaawx nyxeM pasMemeHHa 
caoaMeaKOAHcnepcHoronoponiKaKpeMHHa (HanpHMep, npnnoMomH khcxh Hanocax cjioh 
3M yjibCHH hs nopouiKa KpeMHHa h sxnaoBoro cnnpxa c nocaeAyroinHM npocyuiHBaHHeM) h 
Aaabneihuero ero asoxHposaHHa npn xeMnepaiype 1100-1450 °C b xeneHHe 40 nacoB b 
axMOC(J>epe ascrra npn AasaeHHH 0,5-1,2 axM. [5]. noACxaBKy 3 h uixok 4, sicpaHbi 10 h 11 
H3roTaBJiHBaiox H3 rpa4»Hxa h noKpbiBaiox caoeM HHxpHAa KpeMHHa [5]. 

YaeabHaa xenaoeMKoexb Maxepnaaa HarpeBaxeaa cocxaBaaex [6] - 2077 ^jk/kt-K 
(npn paeoneft xeMnepaxype 1600 °C, x.e. 1873 K), naoxHoexb Maxepnaaa HarpeBaxeaa nocae 
Ba3KH p„ cx . = 401,22 kt/m 3 , xo ecxb np3H3Be«eHHe 6 • p- c paBHO 500 flac/M 2 • K. 



nocjie ycranoBKH xBapnesoro nrm 2 b noACxasxy 3 h aanoJiHeHHH ero sarpyaKofi xpeMnna 
h Jinraxypofi 6opa, KaMepy 1 repMexnsnpyiox, coaflaioT b nett BaxyyM 10' 3 MM.px.cx. h 
BKJiioMaioT 3 j iei crpon H TaHHe. 3jieicrpnHecKnn tok ox HcxonnHKa nnxaHna 14 H A er no 
TOKonoflBoay 13, saxeM no xojibnaM 7 n 8, narpeBaxeaK) 5, nocjie nero no xoabnaM 6, 9 h 
TOKonoABOfly 12 BOSBpamaercH k n<n*>HHHxynHxaHHa 14. Hbh6qj»iimm conpoTHBJienneM b 
3toh nocjieflOBarcJibHott uenn oSaaAaex HarpeBaxenb 5, n na neM BbiAeaaexca ocnoBnaa 
nacxB xenna. HarpeBaxen*, 5 pasorpeBaexca *o pa6oneH xeMnepaxypbi 1600 °C. 3a cnex 
nepeaaxm xenaa HanyMenneM ox Harped'*, poorpnaena h pacnaaBaaexca aarpyaxa 
xpeMnna 16 (xeMnepaxypa pacnuaBa 1412-1500 °C). 3axeM . KaMepy noAaiox apron, 
no W ep*HBaa b Kawepe AaBaenne 10-20 mm. P t.ct. , npn oAHOBpeMennoH nocxoannoii 
oxxaHxe BaKyyMHHM hbcocom (na 4>Hrype ne noKasan); Ilocae sxoro b pacnaaa onycKaior 
3aTpaBOHHHH KpHCTajui h BBipamnBaiox MOHOxpncxaaa 17. 

Ilocae oKOHHanHfl nponecca BbipantHBanna Monoxpncxana oxjiOTKJt, BbinnMaiox 
H3 KaMepfci, BBipesaior H3 nero o6pa3nbi h onpownnar coAepacanne yraepoAa, Koropoe 

cocxaBJiaer 5x10 15 cm . 

HarpeBarcnb imeex MaayK) HHepunoHHOCTb. BpeMa x, xapaxxepmyioinee 
HHepuHonnocTb Harpeaaxeaa, onpeAeaawx cpa3y nocae pacnaaBaenna 3arpy3KH, KaK BpeMa 
or MOMenra yMenbinenna Momnocrn na 10% AO MOMenxa, kofab xeMnepaxypa narpeaaxeaa 
nepecxanex H3MenaxBca. HsMepenna npoBOA*x c noMombio nnpoMexpa, coeflnnennoro c 
caMonncneM. BpeMa x coexaBaaex 45 c no cpasnenHio c 450 c y npoxoxnna. 

HarpeBaxeab coxpanaex cboio paooxocnocoGHoexb b xenenne 20 uhkjiob 
BwxaraBaHna. 

PacxoA aaeKxpoaneprnn na 1 kt foxoboh npoayKUHH yMenbiuaexca sflecb na 20 % h 
cocxaaaaex 125 KBX.Hac/icr, no cpaBHeHHio co 155 KBX.Mac/xr y npoxoxnna. 
IIpHMep 2 

BbixarnBanne MOHOxpncxaaaa nponsBOAHxea c ncnoabSOBaHneM ycxpoHcxBa, 
npeflcraBnenHoro na (frnrype 2. noaynaiox Monoxpncxana xpeMnna AHBMexpoM 150 mm hs 
nojiHKpncxajiJiHMecKoro xpeMHna c coAepacaHneM yraepoAa 3x10 15 cm' 3 , aernpoBaHHbifl 
6o P om. Hcnojibsyiox KBapueBbin xnrejib c bhcuihhm AHaMexpoM 356 mm npn sarpyaxe 30 xr. 
Sxpanw 10 h 11 nsroxaBjiHBaioT hs rpafcnxa, ohh aaexxpHHecxH naoanpoBaHbi ox 
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KaMepu LHarpeBaxeju, 5 H3 roxaBJi hbskit cjieflyromHM o6pa30M: HaMaxwBaiox yraepoAHyio 
xkjuh, rana «y P £ui» b ABa cjioa Ha onpaBKy m rpa$Hxa. Ilccae sxoro paspesaiox BepxHHH 
xopeu UHJiHHApa Ha nenecxKH, Koxopwe oxrHGaiox b ropHSOHxanbHyio njiocKocxb saacHMaiox 
Meacay KOJituaMH 7 h 8 hs yroepoAHoro Maxepnana (flJiHHa jienecxKOB paBHa innpHHe KOJieu 
7 h 8), a hhhchhh Topeu saxaiMaiox MejKfly KOJibuaMH 6 h 9. 3aTeM cinHBaiox BepxHKanbHHH 
iiiob yrjiepoAHoii hhxmo. nocjie yflaneHHH onpaBKH HarpeBaxeJib h xenjioHSOjmpyiowHe 
3KpaHH-TOKonoAB0W»i yroioxionox nHpoyrjiepoAOM no HSBecxHoft MexoAHKe [7] b xeneHHe 
10 nacoB, npH xeMnepaxype 1050 °C, AaBJieHHH 28 mm. P t.ct. b norOKe rasa (Mexana) 
10 cm/c. 3axeM tkbhb HarpeBaxejw nponnxbiBaiox SMyjibCHefi, coAepacameft sxHJiOBbift cnnpx 
h MeJiKOAHcnepcHbiH nopouioK KpeMHHfl, nocjie nero nponsBOAflx oxacnr b saicyyMe n P H 
xeMnepaxype cHanana 1300°C (3 naca), a saxeM 1500°C b xeneHHe 5 nacoB. n P H 3XOM 
nopomoK KpeMHHfl h yraepoAcoAepacainHii Maxepnafl Harpesaxejifl, BsaHMOAeficxByfl uexjsy 
co6o», npeBpamaioTca b K ap6HA KpeMHHfl. Tojimiraa cxemcH HarpeBaxeJifl cocxaBJiaex 1,5 mm 
(0,0015 m). YHHTbiBaH, hto yAejibHaa TenjioeMKOcrb MarepHajia HarpeBaxeJifl cocxaBJiaex [6] - 
2077 flac/Kr-K (npn pa6oneH xeMnepaxype 1600 °C, x.e. 1873 K), ncxoAHaa njioxnocxb 
Maxepnajia HarpeBaxeJifl p HC x. = 400 kt/m 3 , a nnoxHocxb nocjie ynjioxneHHfl p= 800 kt/m 3 , 
npoH3BeAeH H e 5 • p- c paBHO 2492 jfr/u 2 . 3K P aHH-xoKonoABOAbi 10 h 11 hs rpa*Hxa 
noKpbiBawx cjioeM HHxpnAa KpeMHHfl [5]. IIoAcxaBKy 3 h iuxok 4 HsroxaBJiHBawx hs rpac&Hxa 
h xaK*ce K3K 3K P aHbi 10, 11 noicpbiBaiox cjioeM nnxpHAa 

KpeMHHfl [5]. 

3axe M BHyxpb HarpeBaxejifl, BnaoxHyio k ero BHyxpeHHeii noBepxHoexn, noMemaiox 

XOHKOCXeHHblH UHJIHHAP 18 HS HHXpHA3 KpeMHHfl (XOJHHHHa CXeHKH 1,0 MM) C 6ypXHKOM 19. 

3xox hhjihhap samnmaex HarpeBaxejib 5 h BepxHHe icoHxaKXHbie KOJibna 7 h 8 ox 
XHMHnecKoro BsaHMOAeficxBHfl c axMocfcepoH KaMepw BbipaiHHBaHHfl, coAepacamefi napu 
SiO. LJhjihhap H3 HHxpHAa KpeMHHfl H3roxaujiHBaiox no H3BecxHO» MexoAHKe [5], a 3axeM 
yMeHbuiaiox xoJimHHy ero cxeHKH Ha xoKapHOM cxaHKe. 

nocjie ycxaHOBKH KBapueBoro xnnifl 2 b noAcxaBKe 3 h sanojmeHHfl ero sarpysKOii 
KpeMHHfl h JinraxypoH 6opa, KaMepy 1 repMexHSHpyiox, cosAaiox b Hen BaicyyM (ocxaxoiHoe 
AaBJieHHe MO' 3 MM.px.cx.) h BKJUOHaiox 3JieKxponHxaHHe. SjieicrpHHecKHH xok ox 
HcxoHHHica nnxaHHH 14 HAex nepe3 xokohoaboa 13 k AOHHOMy aicpaHy 11, BbinoJiHfliomeMy 
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pojis TOKonoflBOfla, 3aTeM no KOJibijaM 6 h 9 Ha HarpeBaTejib 5, KOJibua 7 h 8, 3KpaH- 
TOKonoABOA 10, tokoiioaboa 12, nocjie nero onaTb k HcroHHHicy imtzumh 14. HaH6ojibinHM 
conpOTHBJieHHCM b OTofi nocJieAOBaTejibHofl uenH oSjiaAaer HarpeBaTejib 5, h Ha HeM 
BBmejiflerca ocHOBHaa nacTb TenJia. HarpeBaTejib 5 pa30ipeBaercfl ao pa6o*iefi TeMneparypbi 
1600 °C. 3a chct nepeAaHH Temia HSJiyneHHeM or HarpeBaTejib, pa3orpeBaeTCfl h 
pacruiaBJiHerc^ 3arpy3Ka KpeMHiw 16 (TeMnepaTypa pacanaBa 1412 - 1500 °C). 3aTeM b 
KaMepy noAaiOT aproH, noAAepsKHBaa b KaMepe AaBjieHHe 10-20 MM.pT.cr., npH 
oAHOBpeMeHHOH nocTOHHHoft OTKanKe BaicyyMHMM HacocoM (Ha ^mype He noiea3aH). Ilocjie 
3Toro b pacnjiaB onycicaioT 3aTpaBOHH wii KpHcxaJiJi h BupamHBaioT MOHOKpHcrajui 17. 

Ilocjie oKOHHaHH^ npoijecca BtipaumBaHHH MOHOKpHCTajui oxjiaacAaioT, BWHHMaioT 
H3 KaMepw, BHpe3aK>T H3 Hero o6pa3i*w h onpeAeJiaioT coAepacaHHe yrJiepoAa b nojiyneHHOM 
KpHcrajuie, KOTOpoe cocrraBJiHeT 3Aecb 4x10 15 . 

HarpeBaTejib HMeer Majiyio HHepunoHHOCTb. BpeMH t, xapaierepH3yK>mee 
HHepuHOHHOCTb HarpeBarejM, onpeAejraiOT, KaK yKa3aHO Btirae. BpeMH x cocraBjiaer 60 c, no 
cpaBHeHHio c 450 c y nporoTHna. HarpeBaTejib coxpaHHer cboio pa6oTOcnoco6HOcrb b 
TeqeHHe 200 uhkjiob BbrrnrHBaHHH. 

PacxoA 3Jieiapo3HeprHH Ha 1 kv roTOBoii npoAyKUHH yMeHbmaeTca *3Aecb Ha 13 % h 
cocraBJwer 135 KBT.qac/icr, no cpaBHeHHio co 155 kbtmslc/kt y npoTOTHna. 
EEpnivtep 3 

npH BbipamHBaHHH MOHOKpHCTajina KpeMHHH AHaMerpoM 150 mm H3 3arpy3KH 30 KT 
HcnoJib3yK>T rarejib 2 h noAcraBKy 3, roroTOBJieHHue KaK oaho uejioe H3 HHxpwAa KpeMHHH 
c BHeuiHHM AnaMerpOM 370 mm. KpoMe Toro, ycrpoMcTBO coAepacHT 6okoboii 3KpaH- 
TOKonoABOA 10 (cm. <J>Hrypy 3), k KoropoMy.cBepxy npHKpenJieHo rpa4>HTOBoe kojimjo 8 h 
CHH3y noABeAeH TOKonoABOA 13. ToKonoABOA 12 coeAHHeH c hh^khch hapofi rpa^HTOBbix 
KOJieu 6 h 9. floHHwii 3KpaH 1 1 He coeAHHeH c 3JieiapHHecKoii ijenbK) h pacnojio^ceH Ha AHe 
KaMepw 1. I^HJiHHApHHecKHii HarpeBaTejib 5 H3roTaBJiHBaK>T H3 TepMopacmnpeHHoro 
npoKaTaHHoro rpa<j)HTa. TojimHHa ctchkh HarpeBaTejw paBHa 2 mm (0,002 m). Topubi 
UHJiHHApa pa3pe3aK>T Ha jienecncH, OTraSmoT hx h 3aa<HMaK>T Meagiy KOHraicrHbiMH 
KOjibi^aMH 7,8 h 6,9 , cooTBeTCTBeHHO. Ha BHyrpeHHioio h BHeuiHioio noBepxHocri* 
HarpeBaTejiH HaHoarr tohkhK cjiofi HHTpHAa KpeMHHH. 3icpaH 10 h iutok 4 H3roTOBJieHbi H3 
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rpa*Hxa h noKpbrra cnoeM HHxpHfla KpeMHHH. SxpaHH 10 . 1 1 HMeex xennoByio naonHmao 
15 «3 xkbhh, H3roxoBiieHHOH H3 KpeMHeaeMHoro aonoKHa. 3K P aH 11 H3roxoaneH H3 HHxpHfla 
KpeMHHH h npeacxaanHex cofoft namy, Koxopaa cor/acHX KaK *n* xenaoBOH h30*huhh, xbk h 
M* npe A OTB P ameHHH np*Moro BaaHMOfleficxBHH pacnnaaa KpeMHHH c boahhoh pySamKOH 
Kaisiepw 1 b cnynae aaapHHHoro nponnaa pacnnaaa 16 na xhi™ 2(3) np« ero paapymeHHH. 

VApnuiaa xenjioeMKOCXB Maxepnana HarpeBaxeM cocxaBJinex [6] - 2077 flx/Ki-K 
(n P H paSoneH xeMnepaxype 1600 "C, x.e. 1873 K), ihioxhocxb Maxepnana HarpeBaxeaH p H c, - 
2000 Kr/M 3 . xo ecxb npoHaaeAeHHe 5 • p- c paBHO 8308 flac/M 2 ■ K. Ilocae aanonHeHHH xhhih 
2 aarpysKott KpeMHHH > anraxypoH 6opa, KaMepy 1 repMexnaHpy^, co3«aK>x b Heft aaxyyM 
10- 3 MM.px.cx. h BKJHOHaKJX saeKxponHxaHHe. 3neKxpHHecKHH xok ox HcxoHHHKa nnxaHHH 14 
Hfl ex no xoKono^Bow 12 na kohbub 6,9, narpeaaxenB 5, nocae wo no KoamaM 7, 8 h 
3KpaHy-xo K onoABO W 10 nepea xokohoaboa 13 BoaapamaexcH k HCXOHHHKy nnxaHHH 14. 
HarpeBaxenb 5 paaorpeaaexcH *o paSonen xeMnepaxypu 1600 -C. 3a cex nepe fl aHH xenaa 
H3JiyHeHHeM ox HarpeBaxean p^orpeBaexcH h pacnnaBanexcH 3arpy3Ka KpeMHHH 16. 3axeM b 
KaMepy noaarcx apron, no W3 KHBaH b KaMepe aaBnenHe 10-20 MM.px.cr., npn 
oAHOBpeMeHHofi hocxohhhoh oxKanKe BaicyyMHbiM hbcocom (Ha *Hrype He noKa3aH). Ilocae 
axoro b prate onycKaKvr saxpaBOHHbril Kpncxaaa h BbipanuiBaiox MonoKpncxaaa 17. 

Ilocie OKOHHBHHH npOUeCCa BbipaiUHBaHHH MOHOKpHCXaJIJl OX OT aK>T, BWHHMaiOX 

H3 KaMepti, Bbipeaarcx H3 Hero oSpaaubi h onp wn« coaepacaHHe yraepoaa > noayneHHOM 

15 -3 

Kpncxanjie, Koxopoe cocxaBJwex 3aecb 5x10 cm . 

Harpeaaxeab HMeex MaayK> nnepuHOHHOcrrb. BpeMH x, xapaKrepH3yK>mee 
HHepuHOHHoexb HarpeBaxe™, onpeftounor kbk apeMH ox MOMeHxa noHHaceHHH Momnocxn na 
10N AO MOMeHxa, Koraa xeMnepaxypa Harpeaaxean nepecxaHex H3MeHHXbCH. IfcMepeHHH 
npoBOAHX c noMombJO nnpoMexpa, coe#HHeHHoro c caMonHcueM. BpeMH x cocxaBanex 50 c, 

no cpaBHeHHio c 450 c y npoxoxnna. 

Pacxofl 3JieKxpo3HeprHH na 1 kf fotoboh npoayKUHH yMeHbUiaexcn 3aecb „a 10 % h 
cocxaBJiaex 140 KBX.HacAcr, no cpaBHeHHK) c 155 KBX.nac/Kr y npoxoxnna. 

Harpeaaxeab coxpaHHex cbok> P a6oxocnoco6HOCXb b xeHenne 150 UHKaoB 

BblTHrHBaHHfl. 
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IIpHMep 4 

BbrrariBaHHe MonoKpHcranna npoHSBOwrr b ycxpoHCXBe, npeacxaBJieHHOM Ha (frnrype 
4. flonoraHxenBHa* cHcxeMa BepxHHX 3K P aHOB s^ecs nsroxoBJiena H3 HHxpHfla KpeMHH* [5]. 
BwpamHBaHHe KpHCxanna npoBO/yrr xaic ace, krk 3x0 onHcaHO b IIpHMepe 3. 

nOCJie OKOHH3HHH npOUeCCa BbipainHBaHHJl MOHOKpHCraJlJl OXJia>KAaK)T, BBIHHMaK>X 

H3 miepu, Bupeaaiox hs Hero o6pa3HBi h onpeae^ox coaepacaHHe yriiepoaa b nonyneHHOM 
KpHcranJie, KOTopoe cocxaBJwex 3flect 5x10 15 cm" 3 . 

HarpeBarejiB HMeer Many* HHepuHOHHoexb. Bpewa x, xapaKrepHsyiomee 
HHepuHOHHoexB HarpeBaxena, onpe A ea«K>T K aK B P e M * ot MOMenra hohh^hhh MomHocm Ha 
10% ao MOMeHTa, Kor^a xeMnepaxypa Haipuarcn* nepecxaHex H3MeHffn>c*. HaMepenaH 
n P oBO*.T c noMomBio nnpoMexpa, coeflHHeHHoro c caMonHCueM. BpeMH x cocxaBnaex 50 c, 

no cpaBHeHHK) c 450 c y npoxoxnna. 

Pacxoa 3jieKipo3HeprHH na 1 Kr poxoboh npoflyKUHH yMeHBinaexca s^ecb «a 20 % h 
cocraBJwer 125 KBX.Hac/icr, no cpaBHeHHK) c 155 KBX.Hac/icr y npoxoxnna. 

HarpeBaxem, coxpaHHex cbok> P a6oxocnoco6HOCXB b xeneHHe 150 ihhoiob 

BHTHrHBaHHH. 

OnncaHHe pa6ox W ycxpoHcxsa aji* BBix*rHBaHH* MOHOKpncxaJiJioB, BbinoJiHeHHoro b 
cooxBexcxBHH c 3aaBJieHHbiM H3o6pexeHHeM, AOKasHBaer bo3MO>khocxb peannaauHH 
HasHaneHH, H3o6pexeHH* h AoenmeHHH yKa3aHHoro xexHHnecKoro pe3 yJ n,xaxa, ho npn 3xom 
H e HcnepnBiBaex bccx B03MoacHocxeH ocymecxaneHH* H3o6pexeHHH, oxapaKxepH30BaHHoro 
coBOKynHoexBK) npH3HaKOB, hpHBeaeHHUX b cfcopMyne H3o6pexeHHH. 
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OOPMYJIA H30BPETEHHW 

1. YcrpoiicrBO ajw BbiTHrHBaHHH MOHOKpHcrajuioB, coAep»amee rarejib c noflcraBKofi, 
HarpeBareJib h, no MeHbineft Mepe, oahh TenJioH30JiH P yioin.HH sicpaH, OTJQWAIOmEECH 
TEM, hto HarpeBareJib BbinojmeH m raoKoro yrjiepoACOAepHcainero MarepHaJia b BHfle 
UHJiHHflpa, Topuw KOToporo aaKpenjieHH Meawy KoaKCHanbHO pacnojioKeHHHMH acecTKHMH 
KOJibuaMH H3 yrjiepoAHoro MarepHaJia, noAcoeAHHeHHbiMH k HcroHHHKy toko, npiweM Ha 
noBepxHOCTH HarpeBarejw c BHyrpeHHeft cTopoHbi pacnonoaceH cjioh HinpHAa KpeMHHH. 

2. ycrpoftcTBO no n.l, oTJiHHaiomeecH reM, hto HarpeBareJib BbinojmeH c tojiiahhoh creHKH, 
onpeflejweMofi H3 cooTHomeHHH: 

8 p c= 500-8500 fl5K/M 2 .K, r^e: 
5 - ToniUHHa creHKH HarpeBarejiH, m; 

p - njioTHOCTb Marepnana, H3 KOToporo H3roTOBJieH HarpeBareJib, kt/m 3 ; 

c - yaejibHaa TenJioeMKOcrb MarepHaJia, H3 KOToporo rororoBJieH HarpeBareJib (npH pa6oneH 

TeMneparype), flac/icr.K. 

3. YcTpoHCTBO no n.l hjih n.2, OTJiHHaiomeecH reM, hto KOJibua H3 yrjiepoAHoro Marepnajia 
noflcoeAHHeHbi k HcroHHHKy TOKa nepe3 TenjioH30JiHpyioinHe SKpaHbi. 

4. ycrpoiicTBO no n.l hjih n.2 hjih n.3, OTJiHHawineecH reM, hto Ha noBepxHOCTH 
HarpeBarejiH c BHeuraeH cropoHbi pacnojioaceH cjioh hhtphab KpeMHHH. 

5. YcTpoHCTBO no jnoSoMy hs n.n.1-4, OTJiHHaiomeecH TeM, hto rarejib hjih noACTaBKa 

BbinOJIHeHbl H3 HHTpHfla KpeMHHH. 

6. ycTpoHCTBO no JiK>6oMy hs n.n.1-4, OTJiHHaiomeecH TeM, hto THrejib h noACTaBKa 
BbinojmeHbi H3 HHTpHAa KpeMHHH h npeAcraBJMUOT co6ofi oaho uejioe. 

7. ycTpottcTBO no jiK)6oMy hs n.n.1-6, OTJiHnaiojueecH TeM, hto yniepoACOAep>icamHH 
MaTepnan HarpeBarejiH AonojirorrejibHO ynnorHeH nnpoyrjiepoAOM h/hjih Kap6nAOM 

KpeMHHH. 

8. ycrpoHCTBo no jno6oMy hs n.n.1-7, oTJinnaiomeecH tcm, hto AonoJiHHrejibHO coAep^KHT 
TeniioHsojiHTop hs TKaHH h/hjih BofijioKa, HsroTOBJieHHbix H3 KpeMHeseMHoro HJIH 
KBapueBoro BOJiOKHa. 




d>wrypa 1 




cpurypa 2 




Oiirypa 3 
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MTHC7: C 30B 15/10 

PEOEPAT 

YCTPOHCTBO flJIfl BblTJITHBAHKH MOHOKPHCTAJIJIOB 
H3o6peTeHne Moacer 6&m> Hcnojib3OBaH0 npn BupanmBaHHH MOHOKpHCTaJUioB 
nojiynpoBOAHHKOB h nonynpoBOffHHKOBHx coeAHHeHHH mctoaom Hoxpanbcicoro. 

YcrpoftcTBO coflepacHT THrejiB c noflcniBKOH, HarpeBaTejib h, no MeHtineii Mepe, oahh 
TenjioH30JiHpyiomHii 3KpaH, npHieM, corjiacHO H3o6pereHHio, HarpeBaTejib BbincwiHeH H3 
raSKoro yrjiepoflcoAepMcamero MarepHana b BHfle uHJiHHApa, Topubi KOTOporo 3aKpemieHbi 
Meatfly KoaKcnajibHO pacnojioaceHHHMH acecTKHMH KOJi&uaMH H3 yrjiepo^Horo MarepHana, 
noflcoeflHHeHHUMH k HCTOiHHicy TOKa h Ha noBepxHOcra HarpeBarejw c BHyrpeHHett 
cropoHH pacnojioaceH cjioii HHrpiwa KpeMHiw. HarpeBarejib Moacer 6brrb BbinoJiHeH c 
tojiiuhhoh ctchkh, onpeaejiaeMOH H3 cooTHomeHHa: 6-p-c = 500-8500 Ttac/M 2 .K, r«e: 
8 - TOJimHHa cTeHKH HarpeBareJM, m; p - iuiOTHOCTb MarepHana, H3 KOTOporo H3roTOBJieH 
HarpeBarcJib, kt/m 3 ; c - yaejibHaa TeiuioeMKOCTb MaTepHana, H3 KOTOporo HsroTOBJieH 
HarpeBaTejib (npn pa6oneH TeMnepaType), #ac/ier.K. KoJibua H3 yrjiepoflHoro MarepHajia 
Moryr 6brrb no,ncoeflHHeHbi k HCTOHHHKy tokb Hepe3 TenjioH30JiHpyK>nme 3KpaHbi. 
7 3.n. 4>opMyjna, 4 4»Hrypbi. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



